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Mannan-protein complexes have been isolated from a 
number of yeasts and fungi [ 1-3].  These fungal man- 
hans often contain diesterified phosphate [4-6] .  Sen- 
tandreu and Northcote [7] showed that a peptido- 
mannan from Saccharomyces cerevisiae has carbohy- 
drate linked to the peptide moiety by two types of 
linkages: (a) alkali-labile linkages to serine and thre- 
onine (mainly mannose residues) and (b) alkali-stable 
linkages to asparagine (high molecular weight mannan). 
Recently Cawley and Letters [8] showed that phospho- 
diester linkages are present in this mannan. 
Extraction of the yeast form of Cladosporium wer- 
neckii with phosphate buffer at 100 ° and fractionation 
of the product with Cetavlon in borate buffer yields a 
peptido-galactomannan containing about 3% phos- 
phate [9]. Fragmentation f this complex by mild 
acid treatment and by alkali at room temperature has 
given some insight into the manner in which the three 
components are linked together in a high molecular 
weight complex. 
2. Experiments and remits 
The isolation of the peptido-galactomannan (frac- 
tion B) from C. werneckii has been described [9]. The 
product is completely excluded from Sephadex G-100. 
Analytical methods have also been described [9, 10]. 
Titration of the acid form of the polysaccharide 
gave a titration curve typical of phosphodiesters [cf, 5, 
6] ; after hydrolysis in 0.1 N HCI at 100 ° for 15 min 
the titration curve of the product showed a second 
inflection indicating that hydrolysis to phosphomono- 
ester had occurred. To isolate the products, peptido- 
galactomannan (500 mg) was hydrolyzed in 25 ml HC1 
and chromatographed on a Sephadex G-100 column 
(fig. 1 a). Two peaks, one in the excluded volume 
(fraction la; 150 rag), were obtained. Retreatment of
fraction la under the same acid conditions did not 
lead to further hydrolysis. The low molecular peak 
was chromatographed on a Sephadex G-25 column 
(60 × 1.8 cm) and yielded a single broad peak 
(Ve[V 0 = 1.24; fraction lb; 147 mg). Analytical data 
on the fractions are given in table 1. Fraction lb con- 
tained galactose, mannose and phosphate; it was 
shown to be negatively charged by paper electro- 
phoresis in acetic acid-pyfidine (pH 5.3) buffer 
(the fraction also contained a small proportion of a 
neutral component). Gel filtration in 0.15 M NaC1 on 
calibrated Sephadex G-25 column indicated material 
with molecular weights in the 1600-3500 range. The 
reducing residue was shown to be mannose by reduc- 
tion with sodium borohydride. 
Fraction la (75 mg) was then treated with 0.33 N 
NaOH and 0.33 M NaBH 4 (7.5 ml) at room tempera- 
ture for 15 hr. The product was chromatographed on 
a Sephadex G-100 (fig. 1B) and the excluded fraction 
was rechromatographed to give fraction 2a (6 mg). 
The low molecular peak was chromatographed on a 
Sephadex G-25 column (60 × 1.8 cm) and yielded a 
single broad peak (Ve/V 0= 1.50; fraction 2b; 50 mg). 
This fraction contained only mannose and mannitol 
(5 : 1, table 1), it did not migrate in paper electro- 
phoresis and was shown by gel filtration to have a 
molecular weight of 1000-1200. 
Treatment of the original galactomannan complex 
with 0.2 N NaOH at room temperature lead to a 3.5- 
fold rise in the absorbance at241 nm, indicating the 
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Fig. I(A). Gel l-titration on Sephadex G-100 of peptido-phosphogalactomannan fter mild acid hydrolysis. Column size = 60 X 2.9 
cm. Fraction volume = 4.2 ml. (B). Gel filtration on Sephadex G-100 of high molecular weight peak from column 1A (fraction la) 
after treatment with NaOH-NaBH 4. Column size = 60 X 2.9 cm. Fraction size = 3.2 ml. BD = Elution position of blue dextran. 
mannose, e... . .e protein. 
fo rmat ion  o f  unsaturated  amino  acids by /3 -e l im inat ion  
react ions  f rom ser ine or th reon ine  [11 ] .  
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Table 1 
Analyses of peptido-galactomannan a d fractions from acidic and alkaline degradations. 
November 1970 
Analysis Original Fractions (%) 
(fraction B) la 2a 2b 
(%) 
lb 
N 1.8 3.7 2.7 0.5 0.2 
N as protein 11.5 23.1 17.0 3.0 1.2 
Protein (Lowry) 9.6 19.0 23.0 2.0 2.0 
Mannose* 78 78 51 87 78 
Galactose 13 8 20 0 14 
Mannitol 0 0 0 17 0 
Total carbohydrate 91 86 71 104 92 
PO 4 3.2 0.4 0.5 0.2 5.0 
* Monosaccharides are calculated as the free sugar. The theoretical "percentage" therefore xceeds 100. 
3. Discussion 
The experiments demonstrate hat the peptido- 
phosphogalactomannan from C. werneckii is a com- 
plex which contains both acid-sensitive and alkali-sen- 
sitive linkages. The former would appear to be phos- 
phodiester linkages (although it is difficult to exclude 
a few internal glycofuranosyl linkages). The alkali-sen- 
sitive linkages occur between the carbohydrate and the 
peptide moieties and are probably glycosyl linkages to 
serine and threonine [12]. These two amino acids make 
up 42% of the peptide [9]. 
The fragments ( lb )  released by acid hydrolysis, with 
concomitant scission of phosphate diesters, contained 
mannose and most of the phosphate and much of the 
galactose of the original. These fragments, represent- 
ing about half of the weight of the original complex, 
are galactomannan phosphates of relatively low mole- 
cular weight (ca. 2500) with galactose:mannose: phos- 
A A 
phate ratios of 1.5 : 8.2 : 1.0. Treatment of the petide- 
rich, acid-stable fraction (1 a) with NaOH-NaBH 4 re- 
leased small, uncharged, oligosaccharides containing 
only mannose and mannitol. A small portion of the 
carbohydrate (about 10% of the original) is not sus- 
ceptible to mild acid hydrolysis and is linked to the 
peptide by alkali-stable inkages (fraction 2a). 
The structure shown in fig. 2 would explain the 
above results. The degradation experiments are ex- 
plained as follows: mild acid hydrolysis cleaves bonds 
A releasing the phosphogalactomannan units. Re- 
maining is a peptide-rich moiety consisting mainly of 
short mannosyl oligosaccharides linked to peptide by 
alkali-labile bonds. These are released as mannitol-ter- 
minated oligosaccharides by scission of linkages B with 
NaOI-k-NaBH 4. The structure is consistent with pre- 
liminary experiments on reversing the sequence of  the 
II II 
Galactomannan - O - - O - Galactomannan - O - P - O (Man)x- ~ PEPTIDE ] 
r 
O- O- 
B ~ 
(Man) x 
Fig. 2. Proposed structure of peptido-phosphogalactomannan complex. The number of phosphogalactomannan u its in the chains 
is not known. The (mannosyl)x side-chains are more numerous than the phosphogalactomannan ch ins. Not shown in this struc- 
ture is the small proportion of high molecular weight galactomannan which is linked to the peptide by alkali-stable bonds. A, acid- 
labile linkages. B, alkali-labile inkages. 
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degradations. Thus alkaline degradation gives low mole- 
cular weight, mannose-containing oligosaccharides to- 
gether with a high molecular weight, nitrogen-free, 
poly-(phosphogalactomannan). This eliminates the 
possibility that the low molecular weight phospho- 
galactomannan fragments are linked individually by- 
acid-labile bonds to the peptide or to the alkali-stable 
mannan moieties. Since galactose is absent from the 
fraction (2b) eliminated by alkali, it would seem that 
the poly-(phosphogalactomannan) chains are not 
linked directly to the peptide but through mannose- 
containing linkage regions. 
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